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2.1. Material and methods 
7KHPDWHULDOXVHGLQWKLVVWXG\LVD64/VWHHO7KHJHRPHWU\RIWKHLQYHVWLJDWHGVSHFLPHQVZKLFKKDYHDPP
WKLFNQHVVLVUHSUHVHQWHGLQILJXUH7KHVWDWLFWHQVLOHWHVWVZHUHFDUULHGRXWRQEDVHPDWHULDOVSHFLPHQVDQGEXWWZHOGHG
VSHFLPHQVZLWKZHOGVRYHUILOOUHPRYHGXVLQJDVHUYRK\GUDXOLFORDGPDFKLQH,167521DWDFURVVKHDGUDWHHTXDO
WRPPPLQRQEDVHPDWHULDODQGZHOGHGVSHFLPHQV7KH',&DQG,5&DPHUDKDYHEHHQXVHGGXULQJDOOWHVWVILJ
7KH',&WHFKQLTXHZDVDSSOLHGGXULQJDOOWHVWVLQRUGHUWRHYDOXDWHWKHORFDOGLVSODFHPHQWVDQGVWUDLQVRIWKHVSHFLPHQ
$5$0,6'0V\VWHPZDVXVHGWRDQDO\]HWKHVWUDLQSDWWHUQRIWKHVSHFLPHQVXUIDFH7ZRFDPHUDVZLWKDUHVROXWLRQ
RI[SL[HOVZLWKDIRFDOOHQJWKRIPPZHUHXVHG7KHV\VWHPDFFXUDF\IRUWKHVWUDLQPHDVXUHPHQWLVXSWR
ZKLOHWKHKLJKHVWDFTXLVLWLRQIUHTXHQF\LV+]DWPD[UHVROXWLRQ7KLVWHFKQLTXHEHFRPHVYHU\XVHIXOIRUWKH
FRPSDULVRQEHWZHHQZHOGHGVSHFLPHQVDQGQRQZHOGHGVSHFLPHQV
0RUHRYHU WKHWHPSHUDWXUHLQFUHPHQWRIWKHVSHFLPHQVXUIDFHZDVGHWHFWHGGXULQJWKHVWDWLFWHVWVE\DQ,5FDPHUD
)/,56\VWHPV6&HTXLSSHGZLWKD[SL[HOV,Q6EIRFDOSODQHDUUD\FRROHGGHWHFWRUZRUNLQJLQWKH
0:,5±PPVSHFWUDOEDQG1(7'P.DW&$PPIRFDOOHQJWKOHQV)29[ZDVXVHG7KH
WKHUPRJUDSKLFLPDJHVZHUHDFTXLUHGDWISVE\)/,55HVHDUFK,5VRIWZDUHLQVXEZLQGRZLQJUHVROXWLRQDW[
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SL[HOV7KHVSHFLPHQVZHUHFRDWHGZLWKEODFNSDLQWDQGWKH,5FDPHUDZDVSODFHGRQRSSRVLWHVLGHRIWKHVSHFLPHQZLWK
UHVSHFWWRWKH',&HTXLSPHQW)LJXUH
7KHKDUGQHVVRIDZHOGHGVSHFLPHQZDVPHDVXUHGLQRUGHUWRLGHQWLI\WKHGLIIHUHQW]RQHVEDVHPDWHULDOKHDWDIIHFWHG
]RQHDQGZHOGPDWHULDODVVKRZQLQILJXUHZKLFKUHSRUWVWKHKDUGQHVVPHDVXUHPHQWVDORQJWKHYHUWLFDOGLUHFWLRQ\
D[LV'XHWRWKHLUUHJXODUVKDSHRIWKHZHOGRQO\KDOIVSHFLPHQZDVSRVVLEOHWRDQDO\]H7KH9LFNHUVKDUGQHVV+9
RIWKHEDVHPDWHULDOLVDERXWDQLQFUHDVHLQKDUGQHVVRIWKHZHOGPDWHULDOZDVIRXQGLHZKLOHDPHDQYDOXHRI
WKHKHDWDIIHFWHG]RQHZKLFKLVPRUHRUOHVVZDVDSSUHFLDWHG


)LJJHRPHWU\RIWKHVSHFLPHQVXQLWVPP )LJ([SHULPHQWDOVHWXS



)LJ+DUGQHVVPHDVXUHPHQWUHVXOWV

2.2. Results & discussion 
)LJXUHLOOXVWUDWHVWKHVWUHVVVWUDLQFXUYHRIDEDVHPDWHULDOGXULQJWHQVLOHWHVWWKHVWUDLQZDVHYDOXDWHGE\PHDQVRI
',&DQDO\VLVDWDGLVWDQFHRIPPIURPWKHFHQWHURIWKHVSHFLPHQ)LJXUHVKRZVDFRPSDULVRQEHWZHHQZHOGHGDQG
EDVHPDWHULDOVSHFLPHQVZLWKVXSHULPSRVHGFRQWRXUSORWRIWKH\VWUDLQİ\RIWKHLQYHVWLJDWHGDUHDXVLQJWKHVDPHVFDOH
DWD WLPHRIVHFRQGVZKLFK LV LQFRUUHVSRQGHQFHRIDQDSSOLHGGLVSODFHPHQWRI WKHFURVVKHDGHTXDO WRPP,W LV
SRVVLEOHWRVHHWKDWWKHVSHFLPHQPDGHRIEDVHPDWHULDOKDVWKHPD[LPXPVWUDLQLQFRUUHVSRQGHQFHRIWKHFHQWHURIWKH
VSHFLPHQZKLOH WKHZHOGHGVSHFLPHQKDVDQDOPRVW V\PPHWULF VKDSHZLWK UHVSHFW WR WKHPLGGOHRI WKHZHOG WRHDV
FRQILUPHGE\ILJXUHZKLFKSORWVWKH\VWUDLQDQGDVDIXQFWLRQRIWKH\FRRUGLQDWHDWDWLPHRIVHFRQGV
7KHWHPSHUDWXUHYDULDWLRQDVVRFLDWHGZLWKDSURSDJDWLQJGDPDJHZDVDOVRDQDO\]HGE\WKHKLJKUHVROXWLRQDQGKLJK
VSHHG,5FDPHUD7KH'LJLWDO'HWDLO(QKDQFHPHQW''(DOJRULWKPDQGLPDJHVVXEWUDFWLRQZHUHDSSOLHGWRLPSURYHWKH
LPDJHVGHWDLOV)LJXUHVKRZVWKHWKHUPDOLPDJHVUHFRUGHGGXULQJWKHWHQVLOHWHVWIRUEDVHPDWHULDO)LJDDQGZHOGHG
MRLQW)LJE%\WKHFURVVUHDGLQJRIWKHWKHUPRJUDPVDQGRIWKHSRVWPRUWHPPDFURJUDSKLHV)LJXUHFLVSRVVLEOHWR
LGHQWLI\WKHVLWHRIFUDFNQXFOHDWLRQ7KH,5WHFKQLTXHLVDEOHWRSUHGLFWWKHIUDFWXUH]RQHDOUHDG\DWWKHILUVWVWDJHRIWKH
VWDWLFWHQVLOHWHVWVHYHQDWORZYDOXHVRIVWUDLQ
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)LJVKRZVWKHWKHUPRJUDPVGHWHFWHGE\,5FDPHUDDQGWKHİ\ILHOGREWDLQHGE\',&WHFKQLTXHVIRUDEDVHPDWHULDO
VSHFLPHQDQGUHYHDOV WKHVWUDLQ ORFDOL]DWLRQVDFFRPSDQ\LQJEDQGQXFOHDWLRQ LQ WKHPLGGOHRIVSHFLPHQOHQJWKZKHQ
\LHOGORDGLVUHDFKHG7KHQXFOHDWLRQRIDVHFRQGEDQGJLYLQJD;VKDSHSDWWHUQFDQEHVHHQDOVRLQ)LJFDQGG$V
UHYHDOHGE\)LJFDQGGWKHVWUHVVILHOGLVDOPRVWV\PPHWULFDVFRQILUPHGE\WKHRSWLFDOPLFURVFRS\RIWKHIUDFWXUH
VXUIDFH)LJH6LQFHWKH,5FDPHUDDQGWKHVHQVRUVRI',&HTXLSPHQWZHUHSODFHGRQWKHRSSRVLWHVLGHRIWKHVSHFLPHQ
WKHWKHUPRJUDPVZHUHKRUL]RQWDOO\IOLSSHGLQRUGHUWRLPSURYHWKHFRPSDULVRQEHWZHHQWKH,5DQG',&LPDJHV






)LJ7KHUPRJUDSKLFUHVXOWVDEDVHPDWHULDOEZHOGHGMRLQWDQGFRSWLFDOPLFURVFRS\UHYHDOLQJDGHIHFWGXHWRWKHZHOGLQJSURFHVV
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E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H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DIWHUWKHWHVW

'XULQJVWDWLF WHVWVRIFRPPRQHQJLQHHULQJPHWDOV WKHWHPSHUDWXUHHYROXWLRQRQWKHVSHFLPHQVXUIDFHGHWHFWHGE\
PHDQV RI DQ LQIUDUHG FDPHUD LV FKDUDFWHUL]HG E\ WKUHH SKDVHV DQ LQLWLDO DSSUR[LPDWHO\ OLQHDU GHFUHDVH GXH WR WKH
WKHUPRHODVWLFHIIHFWSKDVHWKHQWKHWHPSHUDWXUHGHYLDWHVIURPOLQHDULW\XQWLODPLQLPXPSKDVHDQGDYHU\KLJK
IXUWKHUWHPSHUDWXUHLQFUHPHQWXQWLOWKHIDLOXUHSKDVH7KHILUVWGHYLDWLRQIURPOLQHDULW\ZKLFKFRUUHVSRQGVWRWKHHQG
RI WKHSKDVHZDVFRUUHODWHG WR WKH IDWLJXH OLPLW >@)RU OLQHDU LVRWURSLFKRPRJHQHRXVPDWHULDO DQG LQDGLDEDWLF
FRQGLWLRQWKHYDULDWLRQRIWHPSHUDWXUHGXULQJWKHSKDVHRIWKHVWDWLFWHVWLVSURSRUWLRQDOWRWKHYDULDWLRQRIWKHVXPRI
WKHSULQFLSDOVWUHVVHV>@
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ZKHUH .P LV WKH WKHUPRHODVWLF FRHIILFLHQW )LJ  VKRZV WKH SDWWHUQ RI WKH DSSOLHG VWUHVV DQG WKH H[SHULPHQWDO
WHPSHUDWXUHLQFUHPHQWǻ7VGHWHFWHGE\PHDQVRIWKH,5FDPHUDGXULQJWZRVWDWLFWHQVLOHWHVWVFDUULHGRXWRQEDVHPDWHULDO
DQGZHOGHGMRLQWV,QWKHVDPHJUDSKLWLVUHSRUWHGWKHWKHRUHWLFDOWHPSHUDWXUHLQFUHPHQWǻ76BWKREWDLQHGDSSO\LQJHT
7KHIROORZLQJYDOXHVRIWKHSDUDPHWHUVZHUHXVHGIRUHTGHQVLW\ȡ NJPVSHFLILFKHDWFDSDFLW\DWFRQVWDQW
SUHVVXUHF -NJ.DQGOLQHDUH[SDQVLRQFRHIILFLHQWĮ (.7KHǻ76BH[SWFXUYHKDVDGLIIHUHQWWUHQG
UHVSHFWWRWKHOLQHDUWUHQGRIWKHWKHRUHWLFDOǻ76BWKWFXUYHZKHQWKHDSSOLHGVWUHVVLVDERXW03DIRUEDVHPDWHULDODQG
DERXW03DIRUZHOGHGMRLQWDVVKRZQLQ)LJ7KHVHYDOXHVZHUHFRQVLGHUHGDVWKHSUHGLFWLRQVRIWKHIDWLJXHOLPLW
ıPD[BH6 IRUEDVHPDWHULDODQGZHOGHGMRLQW7KHYDOXHRI IDWLJXH OLPLWSUHGLFWHGIRUEDVHPDWHULDOZDVFRQILUPHGE\D
IDWLJXHWHVWFDUULHGRXWDWıPD[ 03DZKLFKGLGQRWSURGXFHWKHVSHFLPHQIDLOXUHDIWHU(F\FOHV
)DWLJXHWHVWV
3.1. Material and methods 
7KHVSHFLPHQVLQYHVWLJDWHGXQGHUIDWLJXHORDGLQJKDYHWKHVDPHJHRPHWU\)LJRIWKRVHXVHGIRUWKHVWDWLFWHVWV
DQGDUHPDGHIURPWKHVDPHVWHHODQGWKHVDPHVHUYRK\GUDXOLFORDGPDFKLQH,167521ZDVXVHG)DWLJXHWHVWV
ZHUHFDUULHGRXW DW5 DQG I +] DSSO\LQJ LQFUHDVLQJ ORDGVE\D VWHSZLVH VXFFHVVLRQ DSSOLHG WR WKH VDPH
VSHFLPHQVWDUWLQJIURPǻı 03Dǻı 03DIRUZHOGHGMRLQWZLWKVWHSVRI03DHYHU\F\FOHV,Q
RUGHU WRDSSO\WKH70 WKHVSHFLPHQVZHUHFRDWHGZLWKEODFNSDLQWDQG WKHVXUIDFH WHPSHUDWXUHRI WKHVSHFLPHQZDV
PRQLWRUHGGXULQJ WKHZKROH IDWLJXH WHVWZLWKDQXQFRROHG ORQJZDYH LQIUDUHG IRFDOSODQHDUUD\FDPHUD PRGHO)/,5
6\VWHPV$0ZLWKDUHVROXWLRQRI[SL[HOVDQGWKHIUDPHUDWHGXULQJWKHDFTXLVLWLRQRIWKHUPDOLQFUHPHQWZDV
HTXDOWRIUDPHSHUVHFRQGV

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)LJ([SHULPHQWDOWUHQGVRIVWUHVVDQGWHPSHUDWXUHGXULQJDVWDWLFWHQVLOHWHVWDEDVHPDWHULDOEZHOGHGMRLQW
3.2. Results & discussion 
7KH7KHUPRJUDSKLF0HWKRGDOORZVWRDVVHVVWKHIDWLJXHOLPLWXVLQJWKHRUHWLFDOO\RQO\RQHVSHFLPHQ7KHYDOXHVRIWKH
DV\PSWRWLFWHPSHUDWXUHLQFUHPHQWǻ7$6UHDFKHGDWHYHU\ORDGLQJVWHSZHUHSORWWHGYHUVXVWKHFRUUHVSRQGLQJYDOXHVRI
PD[LPXPVWUHVVVTXDUHGıPD[DQGDOLQHDUUHJUHVVLRQZDVSHUIRUPHGILJ7KHIDWLJXHOLPLWıPD[BH70FDQEHDVVHVVHG
E\ WKH LQWHUVHFWLRQ RI WKH UHJUHVVLRQ VWUDLJKW OLQHZLWK WKH DEVFLVVD D[LV WKLV LQWHUVHFWLRQ FRUUHVSRQGV WR WKH KLJKHVW
PD[LPXPVWUHVVIRUZKLFKWKHUH LVQRWHPSHUDWXUHYDULDWLRQ7KHIDWLJXHOLPLWVıPD[BH70DVVHVVHGUHVRUWLQJWR WKH70
ZHUHWKHQFRPSDUHGZLWKWKHIDWLJXHOLPLWVıPD[BH6SUHGLFWHGDSSO\LQJWKH70GXULQJWKHVWDWLFWHVWV7KHJRRGDJUHHPHQW
RIWKHUHVXOWVREWDLQHGWKURXJKWKHWZRGLIIHUHQWDSSURDFKHVLVHYLGHQW




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)LJǻ7$6ıPD[OLQHDUUHJUHVVLRQOLQHV


&RQFOXVLRQ
'LJLWDOLPDJHFRUUHODWLRQDQGWKHUPRJUDSK\WHFKQLTXHVZHUHDSSOLHGWR64/EDVHPDWHULDODQGZHOGHGMRLQWGXULQJ
VWDWLFDQGIDWLJXHWHVWV7KHPDLQSRLQWVRIWKLVVWXG\DUHWKHIROORZLQJ
x ,5WHFKQLTXHZDVDEOHWRSUHGLFWWKHIUDFWXUH]RQHDOUHDG\DWWKHILUVWVWDJHRIWKHVWDWLFWHQVLOHWHVWVHYHQDWORZYDOXHV
RIVWUDLQ
x 7KHUPRJUDSKLF0HWKRGZDVDSSOLHGWR64/EDVHPDWHULDODQGZHOGHGMRLQWGXULQJVWDWLFWHQVLOHWHVW
x 7KHIDWLJXH OLPLWVRIEDVHPDWHULDODQGZHOGHG MRLQWDVVHVVHGUHVRUWLQJ WR WKH70GXULQJ WKHIDWLJXH WHVWVZHUH
FRPSDUHGZLWKWKHIDWLJXHOLPLWVSUHGLFWHGDSSO\LQJWKH70GXULQJWKHVWDWLFWHVWVDQGJRRGDJUHHPHQWRIWKHUHVXOWV
SUHGLFWHGWKURXJKWKHWZRGLIIHUHQWDSSURDFKHVZDVDFKLHYHG

$FNQRZOHGJHPHQWV
7KHUHVHDUFKUHSRUWHGLQ WKLVSDSHUZDVFRQGXFWHGZLWKWKHILQDQFLDOVXSSRUWRI WKH5HVHDUFK3URMHFW67(067(/2
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
5HIHUHQFHV
>@$5LVLWDQR*5LVLWDQR'HWHUPLQLQJ)DWLJXH/LPLWVZLWK7KHUPDO$QDO\VLVRI6WDWLF7UDFWLRQ7HVWV)DWLJXH)UDFW(QJQJ0DWHU6WUXFW

>@/9HUJDQL&&RORPER)/LERQDWL$UHYLHZRIWKHUPRJUDSKLFWHFKQLTXHVIRUGDPDJHLQYHVWLJDWLRQLQFRPSRVLWHV)UDW,QWHJ6WUXW

>@ 9 &UXSL ( *XJOLHOPLQR * 5LVLWDQR ) 7DYLOOD ([SHULPHQWDO DQDO\VHV RI 6)53 PDWHULDO XQGHU VWDWLF DQG IDWLJXH ORDGLQJ E\ PHDQV RI
WKHUPRJUDSKLFDQG',&WHFKQLTXHV&RPSRVLWHV3DUW%(QJLQHHULQJ
>@0DOHWWD&%UXQR/&RULJOLDQR39&UXSL(*XJOLHOPLQR&UDFNWLSWKHUPDODQGPHFKDQLFDOK\VWHUHVLVLQ6KDSH0HPRU\$OOR\VXQGHUIDWLJXH
ORDGLQJ0DWHU6FL(QJ$6WUXFW±
>@9&UXSL*(SDVWR(*XJOLHOPLQR/RZYHORFLW\LPSDFWVWUHQJWKRIVDQGZLFKPDWHULDOV-6DQGZ6WUXFW0DWHU
>@9&UXSL*&KLRIDOR(*XJOLHOPLQR,QIUDUHGLQYHVWLJDWLRQVIRUWKHDQDO\VLVRIORZF\FOHIDWLJXHSURFHVVHVLQFDUERQVWHHOV3,0HFK(QJ&-
0HFK±
>@3&RULJOLDQR9&UXSL:)ULFNH1)ULHGULFK(*XJOLHOPLQR([SHULPHQWDODQGQXPHULFDODQDO\VLVRIILOOHWZHOGHGMRLQWVXQGHUORZF\FOHIDWLJXH
ORDGLQJE\PHDQVRIIXOOILHOGWHFKQLTXHV6SHFLDO,VVXH)DWLJXH'HVLJQDQG$QDO\VLVLQ7UDQVSRUWDWLRQ(QJLQHHULQJ3,0HFK(QJ&-0HFK

218   P. Corigliano et al. /  Procedia Engineering  109 ( 2015 )  210 – 218 
>@*/D5RVD$5LVLWDQR7KHUPRJUDSKLFPHWKRGRORJ\IRUUDSLGGHWHUPLQDWLRQRIWKHIDWLJXHOLPLWRIPDWHULDOVDQGPHFKDQLFDOFRPSRQHQWV,QW-
)DWLJXH±
>@0$PLUL00.KRQVDUL5DSLGGHWHUPLQDWLRQRIIDWLJXHIDLOXUHEDVHGRQWHPSHUDWXUHHYROXWLRQ)XOO\UHYHUVHGEHQGLQJORDG,QW-)DWLJXH
±
>@;*:DQJ9&UXSL;/*XR(*XJOLHOPLQR$WKHUPRJUDSK\EDVHGDSSURDFKIRUVWUXFWXUDODQDO\VLVDQGIDWLJXHHYDOXDWLRQ3,0HFK(QJ&
-0HFK
>@*0HQHJKHWWL05LFRWWD%$W]RUL$V\QWKHVLVRIWKHSXVKSXOOIDWLJXHEHKDYLRXURISODLQDQGQRWFKHGVWDLQOHVVVWHHOVSHFLPHQVE\XVLQJWKH
VSHFLILFKHDWORVV)DWLJXH)UDFW(QJQJ0DWHU6WUXFW
>@)&XUj*&XUWL56HVDQD$QHZLWHUDWLRQPHWKRGIRUWKHWKHUPRJUDSKLFGHWHUPLQDWLRQRIIDWLJXHOLPLWLQVWHHOV,QW-)DWLJXH±

>@9&UXSL*(SDVWR(*XJOLHOPLQR*5LVLWDQR7KHUPRJUDSKLFPHWKRGIRUYHU\KLJKF\FOHIDWLJXHGHVLJQLQWUDQVSRUWDWLRQHQJLQHHULQJ6SHFLDO
,VVXH)DWLJXH'HVLJQDQG$QDO\VLVLQ7UDQVSRUWDWLRQ(QJLQHHULQJ3,0HFK(QJ&-0HFK
>@23OHNKRY21DLPDUN,6HPHQRYD$3RO\DNRY59DOLHY([SHULPHQWDOVWXG\RIWKHUPRG\QDPLFDQGIDWLJXHSURSHUWLHVRIVXEPLFURFU\VWDOOLQH
WLWDQLXPXQGHUKLJKF\FOLFDQGJLJDF\FOLFIDWLJXHUHJLPHV6SHFLDO,VVXH)DWLJXH'HVLJQDQG$QDO\VLVLQ7UDQVSRUWDWLRQ(QJLQHHULQJ3,0HFK(QJ
&-0HFK
>@:)ULFNH5HFHQW'HYHORSPHQWVDQG)XWXUH&KDOOHQJHV LQ)DWLJXH6WUHQJWK$VVHVVPHQWRI:HOGHG-RLQWV6SHFLDO ,VVXH)DWLJXH'HVLJQDQG
$QDO\VLVLQ7UDQVSRUWDWLRQ(QJLQHHULQJ3,0HFK(QJ&-0HFK
>@'5DGDM&06RQVLQR:)ULFNH5HFHQWGHYHORSPHQWVLQFRQFHSWVRIIDWLJXHDVVHVVPHQWRIZHOGHGMRLQWV,QW-)DWLJXH
>@3'RQJ$VWUXFWXUDOVWUHVVGHILQLWLRQDQGQXPHULFDOLPSOHPHQWDWLRQIRUIDWLJXHDQDO\VHV,QW-)DWLJXH
>@&06RQVLQR'5DGDM8%UDQGW+3/HKUNH)DWLJXH DVVHVVPHQW RIZHOGHG MRLQWV LQ$O0J0QDOXPLQLXP DOOR\ $$ E\ ORFDO
DSSURDFKHV,QW-)DWLJXH±
>@3/D]]DULQ57RYR$QRWFKLQWHQVLW\IDFWRUDSSURDFKWRWKHVWUHVVLQWHQVLW\RIZHOGV)DWLJXH)UDFW(QJ0DWHU6WUXFW
>@%$W]RUL3/D]]DULQ*0HQHJKHWWL05LFRWWD)DWLJXHGHVLJQRIFRPSOH[ZHOGHGVWUXFWXUHV,QW-)DWLJXH±
>@'7D\ORU1%DUUHWW*/XFDQR6RPHQHZPHWKRGVIRUSUHGLFWLQJIDWLJXHLQZHOGHGMRLQWV,QW-)DWLJXH±
>@9&UXSL(*XJOLHOPLQR$5LVLWDQR'7D\ORU'LIIHUHQWPHWKRGVIRUIDWLJXHDVVHVVPHQWRI7ZHOGHGMRLQWVXVHGLQVKLSVWUXFWXUHV-6KLS5HV

>@-/)DQ;/*XR&::X<*=KDR5HVHDUFKRQIDWLJXHEHKDYLRUHYDOXDWLRQDQGIDWLJXHIUDFWXUHPHFKDQLVPVRIFUXFLIRUPZHOGHGMRLQWV
0DWHU6FL(QJ$
>@3:LOOLDPV0/LDNDW00.KRQVDUL20.DELU$WKHUPRJUDSKLFPHWKRGIRUUHPDLQLQJIDWLJXHOLIHSUHGLFWLRQRIZHOGHGMRLQWV0DWHU'HVLJQ

>@.6DLSUDVHUWNLW7+DQML&0LNL)DWLJXHVWUHQJWKDVVHVVPHQWRIORDGFDUU\LQJFUXFLIRUPMRLQWVLQORZDQGKLJKF\FOHIDWLJXHUHJLRQEDVHGRQ
HIIHFWLYHQRWFKVWUHVVDSSURDFK,QW-)DWLJXH
>@0'&KDSHWWL/)-DXUHJXL]DKDU)DWLJXHEHKDYLRUSUHGLFWLRQRIZHOGHGMRLQWVE\XVLQJDQLQWHJUDWHGIUDFWXUHPHFKDQLFVDSSURDFK,QW-)DWLJXH

>@/6XVPHO1RPLQDOVWUHVVHVDQG0RGLILHG:|KOHU&XUYH0HWKRGWRSHUIRUPWKHIDWLJXHDVVHVVPHQWRIXQLD[LDOO\ORDGHGLQFOLQHGZHOGV6SHFLDO
,VVXH)DWLJXH'HVLJQDQG$QDO\VLVLQ7UDQVSRUWDWLRQ(QJLQHHULQJ3,0HFK(QJ&-0HFK
>@:7KRPVRQ2QWKHG\QDPLFDOWKHRU\RIKHDW7UDQV5R\6RF(GLQSS±

